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Sub Arrays 

Low Frequency hs-28 & hs-25 Arrays 
Technical Note 


Keeping subwoofer output focused on the audience rather than outside 
the primary listening area is dramatically more challenging with low 

frequencies than with high frequencies. This is because of the physics Preliminary Internal Version 0.9 

of low frequency sound waves. This technical note describes the basic 
physics behind two types of directional subwoofer arrays: end fire and 
stacked cardioid arrays.This note also serves as a "how-to"guide for 
assembling both types of subwoofer arrays using VUE ACM subwoofers. 

The principles described here can be applied to the hs-28, hs-25 and hs- 
20. For this note we will focus primarily on the hs-28 


End Fire vs Standard Cardioid Array 



2x hs-28 End Fire Array 80 Hz 1/3 Octave 




2x hs-28 End Fire Array 100 Hz 1/3 Octave 



3x hs-28 Stacked Inverted Array 100 Hz 1/3 Octave 
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End Fire arrays built using hs-28 subwoofers provide the best 
combination of low frequency control and minimal impulse 
response smearing.The ideal hs-28 End Fire configuration 
is two subwoofers deep-requiring just 108 inches, or 9 feet 
of space. In applications where more depth is available, 
users can build arrays of up to four units in depth. While this 
arrangement results in greater side rejection and therefore 
less bass on stage, the increased numbers can also result in a 
rear lobe that increases the sound behind the array. 


Frequency 

63 Hz 

Length 

17.9 ft 

215.2 in 

15.9 ms 

1/4 WL 

4.5 ft 

53.8 in 

4.0 ms 


Delay 

Front 

Back 

1st Box 

0.0 ms 

32.0 in 

812.8 mm 

in 

0.0 mm 

2nd Box 

4.0 ms 

85.8 in 

2,179.6 mm 

53.8 in 

1,366.8 mm 

3rd Box 

7.9 ms 

139.6 in 

3,546.3 

107.6 in 

2,733.5 mm 

4th Box 

11.9 ms 

193.4 in 

4,913.1 mm 

161.4 in 

4,100.3 mm 


1 x hs-28 63 Hz 1 /3 Octave 2x hs-28 63 Hz 1 /3 Octave 



3x hs-28 63 Hz 1 /3 Octave 4x hs-28 63 Hz 1 /3 Octave 



90.2 ft 73.8 ft 57.4 ft 41.0 ft 24.6 ft 8.2 ft -8.2 ft -24.6 ft -41.0 ft -57.4 -73.8 ft 90.2 ft 73.8 ft 57.4 ft 41.0 ft 24.6 ft 8.2 ft -8.2 ft -24.6 ft -41.0 ft -57.4 -73.8 ft 


193.4 in (4,913 mm) 


107.6 in (2,734 mm) 


( 53.8 in (1,367 mm) ( 

( 53.8 in (1,367 mm) } 

( 53.8 in (1367 mm) ( 

32 in (814 mm) 21.8 in (534 mm) . 

32 in (814 mm) 21.8 in (534 mm) . 

32 in (814 mm) 21.8 in (534 mm) 


161.4 in (4,100 mm) 


32 in (814 mm) 


11.9 ms dealy 


4th 

Box 


7.9 ms dealy 


i - - -ri 


! 3rd 

r 


■ Box 

i 

m 1 


4.0 ms dealy 


0.0 ms dealy 


□ 


2nd 

Box 


□ 



53.8 in (1,367 mm) 


85.8 in (2,179 mm) 


107.6 in (2,734 mm) 


139.6 in (3,547 mm) 


161.4 in (4,100 mm) 
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End Fire Sub Arrays 

Low Frequency hs-28 & hs-25 Arrays 
Technical Note 


Arrays can be built with equal number of 
subwoofers in each End Fire position for example 
a 4 by 2 End Fire Array would use a stack of 4x hs- 
28's in-line with the front of an al-8 array and 4x 
more units stacked so the back of the stack is 21.8 
inches in front of the first stack of subs. 


3 high 2 Deep Endfire Array 
63 Hz 85.8 in Spacing 



SystemVUE software provides all the necessary processing to build 
End Fire arrays with VUE ACM subwoofers. Assigning the correct delay 
setting to the right subwoofers is especially critical, so use the Wink 
function to ensure that you are inputting the delay setting in the hs-28 
you intend.The first hs-28 (starting form the rear and typically in line with 
the full range system or front of the stage) has no delay. With standard 
63 Hz spacing (as noted in the chart on the last page) the next forward 
subwoofer position would have 4 ms of delay and if a third position 
forward is used it would have 7.9 ms of delay. 

If you are using delay to align the subwoofers with the full range systems 
you would add the 4 or 7.9 ms to this amount. 



System Delay 


Set system delay for each subwoofer by 
keying a specific value directly into this field 
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hs-25 End Fire Array 

Standard hs-25 End Fire 
Array 

Front hs-25 is delayed 4.5 ms back to 
the rear hs-25. Total array depth is 88.69 
inches. This array is tuned for 55 Hz. 

Rear hs-25 Front hs-25 4.5 ms (tuned to 55Hz) 



Back to Backhs-25 End 

Fire Array Rear hs-25 Reverse Polarity 


Front hs-25 4.5 ms (tuned to 55Hz) 


In this array the acoustic "fronts" of 
each system is as above, but we have 
reversed the rear hs-25 and inverted 
the drive signal. Net result is the same 
performance as the array above with 
much less space required. Front hs-25 is 
delayed 4.5 ms back to the rear hs-25and 
the rear hs-25's signal phase is inverted. 
Total array depth is 61.6 inches. This array 
is tuned for 55 Hz. 
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End Fire Sub Arrays 

Low Frequency hs-28 Arrays 
Technical Note 


Real World Measurements 

We took a pair of hs-25's outside of our building to see how the 
predicted results translate into a real world situation. This is not a 
reference measurement as there is only about 50 feet side to side before 
the walls of our building and the building next door create reflections. 
The microphone was placed on the ground 10 feet in front or behind 
the system/array under test. 

This should give a good indication of the performance in typical 
applications where the room is not big enough for it truly be a half 
space environment. 


Some Notes: 

The Green Plot is a single hs-25 and the blue plot is a pair of hs-25's 
both for reference. The Red plot shows that you gain 2 to 4 dB on axis 
(relative to the same pair of hs-25 stacked normally) and more than 10 
dB less level behind the system. 
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